Objective An enlarged left atrium (LA) has recently been identified as a risk factor for adverse cardiovascular outcomes in various pathologic conditions. However, few studies have evaluated its prognostic value in hemodialysis (HD) patients. Methods We conducted an observational study to investigate whether an enlarged LA predicted all-cause mortality in 174 HD patients. Patients were stratified into two groups based on the LA volume index (LAVI) value of 32 mL/m 2 . Results An increased left atrial volume index (LAVI >32 mL/m 2 ) was present in 28 (16.1%) of the HD patients. During the follow-up period (50.1±22.4 months), 77 patients (44.3%) died. A Kaplan-Meier analysis revealed that the 7-year survival rate was significantly lower in the group whose LAVI was >32 mL/m 2 than in the group whose LAVI was !32 mL/m 2 (p=0.0033). Multivariate analyses adjusted for echocardiographic parameters and clinical and laboratory data showed that increased LAVI was an independent predictor of allcause mortality (hazard ratio 1.030, 95% confidence interval 1.004-1.056, p=0.0260). Moreover, increased LAVI had a higher predictive value for all-cause mortality (area under the receiver operating characteristic curve=0.612, p=0.0059) among the measured echocardiographic parameters. Conclusion The results of the present study suggested that measurement of LAVI may be helpful in the risk stratification of HD patients and in providing therapeutic direction for their management.
Introduction
Cardiovascular disease (CVD) is a major complication in end-stage renal disease (ESRD) patients and is the cause of death in half of such patients (1, 2) . Echocardiography is an established method for estimating the risk of CV complications and for guiding the treatment of hemodialysis (HD) patients (3) . Three of the many parameters measured by this method, left ventricular mass index (LVMI), ejection fraction (EF), and LV chamber volume, are particularly helpful in the initial risk stratification of dialysis patients and in risk monitoring during the follow-up period (4) .
An enlarged left atrium (LA) has recently been identified as another valuable parameter for predicting adverse CV outcomes. In general, the LA performs multiple functions, acting as a reservoir during LV systole, a conduit for blood passing from the pulmonary veins to the LV during early diastole, an active contractile chamber that augments LV filling in late diastole, and a suction pump that refills itself in early systole (5) . The LA enlarges in response to two conditions: pressure overload and volume overload. The LA enlargement that occurs due to pressure overload is usually secondary to increased LA afterload in mitral valve disease or LV dysfunction. In the general population, an enlarged LA has been reported to predict adverse CV outcomes, such as atrial fibrillation, stroke, congestive heart failure, and CV death (6) .
However, few studies have evaluated the prognostic value of an enlarged LA in hemodialysis (HD) patients. We conducted this observational cohort study to investigate whether an enlarged LA predicts an adverse outcome and to compare its usefulness as a predictor with other echocardiographic parameters in the same cohort.
Materials and Methods

Study population
This study was conducted as a prospective, single-center cohort study over a 7-year follow-up period. The exclusion criteria were: malignancy, active infection, nonsinus rhythm, pericardial effusion, and evidence of major valvular heart disease. All subjects had been treated at the Minami Senju Hospital for more than 6 months and were receiving standardized HD prescriptions (500 mL/min dialysate flow; 200 mL/min blood flow; 4 hours of dialysis per session; 3 sessions per week). The Institutional Research Ethics Committee approved the study protocol, and the study was conducted in compliance with the Declaration of Helsinki.
Of the 236 HD patients, 174 (age: 63.8±12.1 years, dialysis vintage: 8.7±8.6 years, male/female=113/61) gave informed consent to participation in the study and underwent echocardiography between January 2005 and December 2008. The underlying renal disease was diabetic nephropathy in 71 patients (48.6%), chronic glomerulonephritis in 65 patients, nephrosclerosis in 9 patients, polycystic kidney disease in 6 patients, and lupus nephritis in 3 patients and it was unknown in 20 patients. The demographic and clinical data, including age, gender, systolic and diastolic blood pressure (BP) were recorded. BP was measured three times after the subject had rested in the supine position for at least 10 minutes, and the average of the three measurements was adopted at the time of echocardiographic measurements. The definition of hypertension used was systolic BP >140 mmHg and/or diastolic BP >90 mmHg or taking antihypertensive agents. Body surface area (BSA) was calculated according to a simplified formula: 0.007184× weight 0.425 × height 0.725 . CVD was defined as having a history of myocardial infarction, angina pectoris, congestive heart failure (CHF), stroke or peripheral artery disease.
Laboratory tests
Blood was drawn in a fasting state just before the start of each dialysis session. Blood samples were collected after the patients had fasted for at least 9 hours. The serum levels of urea nitrogen, albumin, calcium, phosphate, glucose, and Creactive protein (CRP) and the hemoglobin concentration were measured by routine laboratory methods. The mean values of 3 measurements made during each of the 3 months before echocardiography were used in the analysis. Diabetes mellitus was diagnosed on the basis of World Health Organization criteria (7) . Serum intact parathyroid hormone (iPTH) was measured once when echocardiography was performed. The Kt/V ratio was used as a measure of clearance in which K is the urea clearance of the dialyzer, t is the duration of dialysis, and V is the volume of distribution of urea in the patient (8) . Information on treatment with vitamin D3, angiotensin-converting enzyme inhibitors (ACEIs), angiotensin receptor blockers (ARBs), and lipidlowering agents was collected from the medical records.
Echocardiography
An experienced senior cardiosonographer performed the echocardiographic studies with an Aplio 50 (Toshiba, Tokyo, Japan) ultrasound imager equipped with a 2.2/4.4 MHz (harmonics) phased-array 3S transducer during continuous electrocardiographic recording. The data were saved in the archive (digital archive, raw data), and the images obtained were recalled for calculation of the study parameters by the same interpreter, who was unaware of the patients' clinical status. To minimize the effect of fluid overload, the echocardiographic evaluation was performed after a dialysis session. The two-dimensional guided M-mode echocardiographic study of the LV was performed in the parasternal long-axis view, and LV end-systolic diameter (LVDs), LV enddiastolic diameter (LVDd), interventricular septum thickness (IVST), and posterior wall thickness (PWT) were recorded as the mean values measured in five consecutive cardiac cycles, in accordance with the recommendations of the American Society of Echocardiography (9) . LV systolic function was determined based on the EF by using a modified biplane Simpson's method from apical two-and four-chamber views (10), and we divided the patients into two groups by 55% as a median value. LV mass was calculated by the method described by Devereux et al. (11) . LVMI was calculated by dividing LV mass by BSA, and LV hypertrophy (LVH) was defined as an LVMI >131 g/m 2 for men and > 100 g/m 2 for women (12) . LA diameter was measured in the parasternal long-axis view by making a leading edge-toleading edge measurement of the maximal distance between the end-systolic posterior aortic root wall and posterior LA wall in accordance with the American Society of Echocardiography guidelines (13) . LA volume was assessed by the biplane area-length method from apical four-chamber and two-chamber views (14) . Measurements were obtained in end systole from the frame preceding mitral valve opening, and the LA volume was indexed for BSA. According to the results of population-based studies, 32 mL/m 2 was considered the upper limit of the normal range of LA volume index (LAVI) values (15) . Tissue Doppler mode was used to record mitral annulus velocities at the septal and lateral corners. Early diastolic (E), and late diastolic (A) tissue Doppler velocities were measured, and the E/A ratio was computed at both corners of the mitral annulus (16) . All measurements were made by the same examiner under blind conditions.
Statistical analysis
All statistical analyses were performed using the JMP 9.0 software program (SAS Institute, Cary, NC, USA). Continuous data were expressed as means ± SD, and categorical data were expressed as a number (percentage). Comparisons between the two groups were made by the Student's t-test or the chi-squared test. The relationship between paired variables was analyzed by calculating the Pearson sample correlation coefficient. The independent prognostic value of LAVI for CV mortality was analyzed by multiple Cox regression analysis. The estimated regression coefficients and standard errors in the Cox regression analysis were used to calculate the hazard ratios (HR) and 95% confidence intervals (CIs). Survival was estimated on the basis of the Kaplan-Meier curves, and the survival data were compared using the logrank test. The predictive value for all-cause mortality and CV mortality was analyzed by receiver operating characteristic (ROC) curve analysis and calculation of the area under the ROC curve (AUC). A two-sided p value <0.05 was used as the criterion for statistical significance.
Results
The baseline characteristics of the study population are shown in Table 1 Table 1 ).
The differences in echocardiographic parameters between the two groups of patients are shown in Table 2 . LVMI (192.6±48.1 vs. 263.0±77.3 g/m 2 , p<0.001) was elevated in the LAVI >32 mL/m 2 group, but there was no difference in E/A ratio between the two groups. Also, EF (60.4±10.3 vs. 52.9±17.1 %, p=0.0022) was lower in the LAVI >32 mL/m 2 group. LAVI was positively correlated with LVMI (r= 0.5255, p<0.0001, Fig. 1A ) and inversely correlated with EF (r=-0.2239, p=0.0032) (Fig. 1B) .
During the mean follow-up period of 50.1±22.4 (11.0-80.4) months, 77 patients (44.3%) died, 35 (45.5%) of them from CV causes, which consisted of cerebrovascular disease in 11 patients, sudden cardiac death in 7 patients, acute myocardial infarction in 7 patients, CHF in 7 patients, and peripheral artery disease in 3 patients. The cause of death in the other 42 patients was a malignancy in 12 patients, pneumonia in 10 patients, sepsis in 7 patients, gastrointestinal bleeding in 6 patients, ischemic colitis in 2 patients, and acute pancreatitis in 1 patient, and it was unknown in 4 patients. The all-cause mortality (p=0.0033, Fig. 2A ) and CV mortality (p=0.0071, Fig. 2B ) were significantly lower in the LAVI !32 mL/m 2 group than in the LAVI >32 mL/m 2 group. In addition, the all-cause mortality (p=0.0280, Fig. 3A ) was significantly lower in the EF <55% group than in the EF "55% group, and there was also significant difference in the survival rate due to CVD (p=0.0005, Fig. 3B ). Multivariate analysis adjusted for echocardiographic pa- rameters, presence of diabetes and hypertension, history of CVD, serum urea nitrogen level and prescription of an ACEI and/or ARB showed that an increased LAVI was an independent predictor of all-cause mortality (HR 1.030, 95% CI 1.004-1.056, p=0.0260). In addition, decreased EF (HR 0.969, 95% CI 0.946-0.994, p=0.0153) and the presence of diabetes (HR 1.996, 95% CI 1.111-3.612, p=0.0209) were significantly associated with an increased risk of all-cause mortality (Table 3) . However, the LAVI was not significantly association with CV mortality (p=0.1858), while the EF was significantly associated with CV mortality (p= 0.0007) ( Table 4) .
As shown Fig. 4A , increased LAVI had a similar predictive value for all-cause (AUC=0.612, p=0.0059) when compared with EF (AUC=0.597, p=0.0200) and LVMI (AUC= 0.655, p=0.0032). In addition, increased LAVI had predictive value for CV mortality (AUC=0.581, p=0.0494) as shown in Fig. 4B .
Discussion
The results of the present study showed that increased LAVI was an independent risk factor for all-cause mortality in HD patients. Three of the echocardiographic parameters, increased LAVI as well as EF and LVMI, had significant predictive value for all-cause mortality but not for CV mortality.
Recently, much attention has been focused on LA volume, in addition to LVH and LV systolic dysfunction as an indicator of CV outcomes. LA dilation induces stasis and the development of atrial fibrillation, which predisposes the patient to thromboembolism (17) . Atrial stretch facilitates neurohormonal activation and the secretion of atrial natriuretic peptide, which may have a role in the development of atrial dysrhythmias. The loss of organized atrial activity can also directly precipitate CHF (18) . The LA is not only a passive conduit for blood to the LV, but it also affects LV filling because of its contractile function. The LA contributes up to 30% of the total LV stroke volume in healthy individuals, and this atrial contribution is particularly important to maintaining adequate LV stroke volume in the presence of LV dysfunction (5) .
Previous studies have reported that an enlarged LA is predictive of an adverse outcome in patients with CV conditions such as cardiomyopathy (19) or acute myocardial infarction (20) . However, few studies have evaluated the relationship between LAVI values and CV outcomes in ESRD patients. Ozdogan et al. evaluated the predictive value of in- creased LA volume in ESRD patients, but since most of their study population were HD patients (21, 22) , and LV systolic and diastolic function was not included in the multivariable Cox regression analysis, it was uncertain whether LAVI predicted an adverse outcome independent of the other echocardiographic parameters. The present study clearly showed that increased LAVI independently predicted all-cause mortality but not for CV mortality in HD patients and had a higher predictive value among echocardiographic parameters.
In previous studies, LVH was shown to be an important prognostic factor for CV events in ESRD patients (4) . An increase in LV mass and cardiac fibrosis has profound consequences in ESRD patients. Sudden cardiac death, linked to abnormal electrical conduction in the distorted and fibrotic ventricle, is a prominent fatal event in ESRD patients. In the late stage, LVH and cardiac fibrosis lead to both diastolic and systolic dysfunction, and ultimately to clinically recognizable CHF, which has a definite adverse effect on the long-term survival of ESRD patients (23) . Moreover, LAVI was not considered in the analyses.
On the other hand, LA size has been reported to be a more stable indicator of the duration and severity of diastolic dysfunction than any other echocardiographic parameters, even though it is largely determined by the same factors that determine diastolic LV filling (24) . In addition, Moller et al. (20) showed that LAVI is superior to conventional Doppler indices of diastolic function for predicting mortality in patients with acute myocardial infarction. In line with these findings, we demonstrated that increased LAVI was an independent risk factor for all-cause mortality, whereas an elevated E/A ratio was not, suggesting that LAVI is a more reliable predictor for all-cause mortality in HD patients.
The present study had several limitations. First, there was an inherent limitation in the observational study design. Second, we could not assess other indicators of extracellular volume, such as natriuretic peptide measured by immunoassay or the extracellular fluid volume/total body water ratio measured by multifrequency electric bioimpedance. However, this assessment tool has not yet been validated in HD patients. Third, the echocardiographic parameters may have been confounding factors in relation to other parameters, because most of the values were correlated with each other. Nevertheless, LAVI had predictive value for all-cause mortality that was similar to that of EF and LVMI in a multivariable Cox model, even after adjustment of such parameters and ROC curve analyses. Finally, the echocardiographic examination was performed only at the start of the study, and whether the echocardiographic findings remained unchanged during the follow-up period is unknown. Serial follow-up echocardiography examinations may be of help in understanding the natural history of LA remodeling in HD patients (25) . Determining whether regression of LAVI is correlated with improved all-cause mortality will require further study.
In conclusion, the results of this study showed that increased LAVI predicts all-cause mortality of chronic HD patients. Our findings suggest that measurement of LAVI may be helpful in the risk stratification of HD patients and in providing therapeutic direction for their management.
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